Crustal velocity structure of the northern Yukon-Tanana upland,
central Alaska: Results from TACT refraction/wide-angle

reflection data

BRUCE C. BEAUDOIN U.S. Geological Survey, Menlo Park, California, and Department of Geophysics, Stanford University,
’ Stanford, California 94305-2215

GARY S. FUIS
WILLIAM J. LUTTER
WALTER D. MOONEY
THOMAS E. MOORE

ABSTRACT

The Fairbanks North seismic refraction/
wide-angle reflection profile, collected by the
U.S. Geological Survey Trans-Alaska Crustal
Transect (TACT) project in 1987, crosses the
complex region between the Yukon-Tanana
and Ruby terranes in interior Alaska. This re-
gion is occupied by numerous small terranes
elongated in a northeast-southwest direction.
These seismic data reveal a crustal velocity
structure that is divided into three upper-
crustal and at least two middle- to lower-
crustal domains. The upper-crustal domains
are delineated by two steeply dipping low-ve-
locity anomalies that are interpreted as signa-
tures of the Victoria Creek fault, and the Bea-
ver Creek fault or a fault buried by the Beaver
Creek fault. This tripartite upper crust extends
to 8-10 km depth where a subhorizontal in-
terface undercuts the northern and central do-
mains. Beneath the northern domain, this in-
terface is interpreted as the southeastwardly
dipping boundary between the Tozitna and
Ruby terranes. The continuation of this inter-
face beneath the central domain suggests that
it may represent the detachment or basal
thrust for thin-skinned tectonic amalgamation
of the terranes caught between the Yukon-
Tanana and Ruby terranes. The lower crust
and Moho reflection exhibit differences from
north to south that define at least two lower-
crustal domains, interpreted as the Yukon-
Tanana and Ruby terranes. Finally, the
crustal thickness along the profile is nearly uni-
form and ranges from 31 to 34 km. Our data
suggest that after initial thin-skinned amal-
gamation of the various terranes, this region
experienced thick-skinned tectonic reorganiza-
tion via strike-slip faulting. This interpretation
supports a model in which at least one strand
of the Tintina fault exists in this important re-
gion of Alaska.

U.S. Geological Survey, Menlo Park, California 94025

INTRODUCTION

The tectonic history of interior Alaska is
complicated and its interpretation controver-
sial. Many authors have proposed that the
multitude of interior-Alaska terranes were as-
sembled by accretionary processes (Churkin
and others, 1982; Coney and Jones, 1985;
Jones and others, 1986). More recently, Do-
ver (1990) and Weber (1990} questioned the
accretionary model for a large portion of in-
terior Alaska and instead suggested that the
interior-Alaska terranes are dispersed and
translated fragments of North American con-
tinental crust. Both of these general models
call for a confluence of largely southward-
moving terranes of arctic Alaska with largely
northward-moving terranes of central and
southern Alaska. This region includes the es-
pecially complicated crust separating the
Yukon-Tanana terrane from the Ruby ter-
rane (Fig. 1). Caught between these two large
terranes or continental fragments are numer-
ous smaller terranes or blocks representing
different facies of continental-margin and
oceanic crust. In addition, one or more splays
of the Tintina fault may cut through these
smaller terranes, further complicating the ge-
ology. This area exhibits many unresolved
questions that are difficult to address due to
poor exposure of local geology. Critical to
our understanding of the tectonic history of
interior Alaska is the geometry of these ter-
ranes at depth. This paper presents results
from a seismic refraction/wide-angle reflec-
tion survey, hereafter referred to as the Fair-
banks North profile, that provides new infor-
mation on the crustal structure of these
poorly exposed terranes in this critical region
between the Yukon-Tanana and Ruby ter-
ranes (Fig. 1).

The present-day geometry of the terranes
crossed by the Fairbanks North profile is am-
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biguous and variously interpreted. Interpre-
tations indicate the Tintina and related faults
played a major role in the development of the
region. The Tintina fault is a major north-
west-trending strike-slip fauit of the Canadian
Cordillera that extends northwestward into
east-central Alaska. Along much of its length,
it is exposed as a linear trench filled with Up-
per Cretaceous and lower Tertiary sedimen-
tary rocks. About 450 km of right-slip dis-
placement since Cretaceous time has been
documented (Roddick, 1967; Tempelman-
Kluit, 1976; Gordey, 1981), but as much as
1,000 km of total slip has been proposed for
the Canadian segment (Gabrielse, 1985). East
of the Fairbanks North profile, the Tintina
fault consists of two subparallel strands, the
Hot Springs and northern Preacher strands
(Foster and others, 1983) (Fig. 1), with dis-
placements as young as Eocene.

It is unclear whether the Tintina fault ex-
tends into the part of interior Alaska crossed
by the Fairbanks North profile. At its north-
western termination in east-central Alaska,
the Tintina fault is covered by Cenozoic sed-
imentary rocks but has been interpreted to
either: (1) truncate the Beaver Creek and
other faults, and in turn be truncated by a
northeastward continuation of the Kaltag
fault, which is mapped along the southern
margin of the Ruby terrane (Grantz, 1966;
Grantz and others, 1991); (2) curve south-
westward by splaying and joining the Beaver
Creek and Victoria Creek faults, which con-
tinue southwestward across the Fairbanks
North profile (Churkin and others, 1982; We-
ber, 1990; Dover, 1990); or (3) transform into
the northeast-trending thrust faults that are
roughly orthogonal to the Fairbanks North
profile (Coney and Jones, 1985). The second
interpretation is supported by the similarity
of the Livengood terrane with the Kandik
River terrane in east-central Alaska (Churkin
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Figure 1. Generalized tectonostratigraphic
map of east-central Alaska showing the loca-
tion of the Yukon-Tanana and adjacent ter-
ranes. Modified from Jones and others (1987).
The Fairbanks North refraction profile is de-
noted by the double black line. Shotpoints are
designated by stars and numbered. Terrane
bounding faults are denoted by the solid, heavy
lines. Terrane abbreviations: AA, Arctic Alas-
ka; BRY, Baldry; LG, Livengood; MAN,

Manley; MN, Minook; NF, Nixon Fork; RB, Ruby; SW, Mount Schwatka; TZ, Tozitna; WHM,
White Mountains; WS, Wickersham; YIT, Yukon-Tanana. Cz indicates Cenozoic sedimentary

and volcanic rocks.

and others, 1980) and by the trend of the sub-
parallel Denali fault, which also curves south-
westward at about the same longitude.

Although many authors have speculated
on the crustal composition beneath this col-
lage of terranes (combinations of one or more
of the Yukon-Tanana, Ruby, and Nixon Fork
terranes), the only strong evidence for lower
crustal composition in this region is based on
isotopic and chemical studies. Arth and oth-
ers (1989) reported isotopic data from Creta-
ceous plutons intruding the Ruby terrane just
north of our profile and concluded that the
Ruby terrane in this region is underlain by
continental crust.

This paper discusses results of the Fair-
banks North profile, a 130-km-long seismic
refraction/wide-angle reflection profile that
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crosses the collage of terranes in the critical
region between the Yukon-Tanana and Ruby
terranes (Fig. 1). These data, collected in
1987, are part of the U.S. Geological Sur-
vey Trans-Alaska Crustal Transect (TACT)

project and provide important new informa-
tion concerning the regional crustal structure,
the terranes underlying this area, the nature
and locality of the Tintina fault zone, and the
inferred tectonic history. First, we give an
overview of the geology in the region of our
seismic profile, describe the data, and justify
the resultant compressional-wave velocity
model. Second, this velocity model is dis-
cussed in light of existing geologic/tectonic
interpretations for the region, and, finally,
our interpretation of the velocity model is
presented.

GEOLOGIC SETTING

Between the Yukon-Tanana and the Ruby
terranes are numerous poorly exposed, small
terranes, most of which are elongate in a
northeast-southwest direction (Fig. 1). The
Fairbanks North profile crosses most of the
terranes in this complex region. For describ-
ing the geology along the profile, we use ter-
rane nomenclature, modified as noted, from
Jones and others (1987) (Table 1). From south
to north, the 'profile crosses the Yukon-
Tanana, Wickersham, White Mountains,
Manley, Livengood, Mount Schwatka, and
Tozitna terranes. In addition to these ter-
ranes, the Nixon Fork and Minook terranes
lie adjacent to the profile, may occur at depth,
and hence are described for completeness.

Yukon-Tanana Terrane

The northern Yukon-Tanana terrane
(YTT, Figs. 1 and 2) consists mainly of two
highly deformed and regionally metamor-
phosed sequences (Weber and others, 1978;
Foster and others, 1987; Nokleberg and oth-
ers, 1989): (1) a structurally suprajacent se-
quence of Late Proterozoic, and older, and
early Paleozoic(?) metasedimentary rocks.
This sequence consists mainly of regionally
metamorphosed and penetratively deformed
metasedimentary rocks derived from marl
and fine-grained quartz- and clay-rich sedi-
mentary rocks; and (2) a structurally subja-

TABLE 1. TERRANE NOMENCLATURE

Terrane Jones and others (1987) Churkin and others (1982) Dover (1990)
(terrane) (terrane) (stratigraphic belt)

Yukon Tanana Yukon Tanana Yukon crystalline N.p.*

Wickersham Wickersham Beaver Wickersham

‘White Mountains ‘White Mountains ‘White Mountains White Mountains

Manley Manley Kandik Most of the Beaver Creek

Livengood Livengood Livengood Livengood and part of the
Beaver Creek

Mount Schwatka White Mountains and Wickersham ‘White Mountains and Beaver Schwatka

Nixon Fork Nixon Fork N.P. N.P.

Tozitna Tozitna Tozitna/Circle Tozitna

Ruby Ruby Ruby N.P.

*Note: not present.
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Figure 2. Generalized geologic map and explanation showing the location of the Fairbanks North profile. Adapted from Chapman and others
(1971) and Weber (1989).
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cent sequence of Devonian and older
metasedimentary rocks that contain lenses of
metavolcanic and related rocks and locally
abundant Devonian metagranitic rocks.
Sparse granitic plutons of Late Cretaceous
and/or early Tertiary age intrude the northern
Yukon-Tanana terrane.

Wickersham Terrane

The Wickersham terrane (WS, Figs. 1
and 2} is interpreted as a marine, continental
margin sequence that consists of Late Prot-
erozoic and Lower Cambrian interbedded
granule and pebble conglomerate, argillite,
and quartzo-feldspathic sandstone that con-
tain sedimentary structures characteristic of
turbidites (Churkin and others, 1982; Weber
and others, 1985; Jones and others, 1987;
Moore and Nokleberg, 1988; Dover, 1990).
Wickersham rocks may be depositional base-
ment for the White Mountains and Liven-
good terranes to the northwest (Dover, 1990)
or may be a fault sliver unrelated to these
terranes (Churkin and others, 1982; Jones
and others, 1986). The Wickersham terrane
overlies the Yukon-Tanana terrane on a
north-dipping contact. This contact between
the Wickersham terrane and the Yukon-
Tanana terrane is controversial and may be
either an important structural break or a gra-
dational contact (Churkin and others, 1982;
Grantz and others, 1991). The Wickersham
terrane is juxtaposed against the White
Mountains terrane along a contact of uncer-
tain nature, but likely a fault.

‘White Mountains Terrane

The White Mountains terrane (WHM,
Figs. 1 and 2) consists of the Fossil Creek
Volcanics and the Tolovana Limestone (Do-
ver, 1990). Although interpreted as a volcanic
arc by Churkin and others (1982), the Fossil
Creek Volcanics are more likely a sequence
of Ordovician silicic sediments rich in alkali
basaltic submarine flows and volcaniclastic
rocks that were deposited either on a conti-
nental margin or an oceanic seamount (Jones
and others, 1987; Wheeler and others, 1987;
Dover, 1990). These rocks may have been
deposited on a basement of upper Wicker-
sham terrane. The Fossil Creek Volcanics
are overlain by the Tolovana Limestone on a
contact that has been interpreted either as
gradational (Churkin and others, 1982;
Blodgett and others, 1987) or unconformable
(Dover, 1990). The Tolovana Limestone con-
sists of Silurian and Devonian dolomite and
limestone that is interpreted as a carbonate
bank deposit (Churkin and others, 1982;
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Jones and others, 1987). The Tolovana Lime-
stone is thrust over the Globe unit, which
consists of sheared recrystallized(?) quartz-
ose sandstone and argillite intruded by abun-
dant sills of diorite and gabbro (Weber and
others, 1985; Dover, 1990) of Triassic age (J.
Mortensen, 1991, personal commun.).

Manley Terrane

The Manley terrane (MAN, Figs. 1 and 2)
is interpreted as a turbidite flysch basin
(Churkin and others, 1982) consisting mainly
of flyschoid rocks and chert-rich conglomer-
ates (Dover, 1990). Two units compose the
Manley terrane: (1) the Vrain unit (Foster and
others, 1983), a Triassic(?) or Jurassic(?) (F.
Weber, 1991, oral commun.) unit of carbo-
naceous, fine-grained to gritty clastic rocks,
and (2) the Wilber Creek unit (Weber and oth-
ers, 1985), a Late Jurassic to Early Creta-
ceous unit of shale, graywacke, quartzite,
and conglomerate. Late Cretaceous and Ter-
tiary granitic rocks and gabbros of unknown
age intrude the Manley terrane (Jones and
others, 1987). The Manley terrane is juxta-
posed against the White Mountains terrane to
the south along the Beaver Creek fault, which
is interpreted as a south-dipping thrust fault
(Churkin and others, 1982; Weber, 1989; Do-
ver, 1990). Although the contact is not ex-
posed, map relationships suggest that the
Manley terrane lies depositionally on the Liv-
engood terrane to the north.

Livengood Terrane

The Livengood terrane (LG, Figs. 1 and 2)
(Churkin and others, 1982) consists of four
units: (1) a mafic and ultramafic complex of
gabbro, diabase, and sepentinite that yield
Cambrian K-Ar ages (Loney and Himmel-
berg, 1988); (2) the Livengood Dome Chert of
Late Ordovician age, composed of chert and
siliceous argillite that locally contains grap-
tolites (Chapman and others, 1980); (3) the
Amy Creek unit of unknown age that consists
of dolomite, chert, shale, and sparse mafic
volcanic rocks (Weber and others, 1985); and
(4) the Middle Devonian Cascaden Ridge unit
composed of siltstone, shale, sandstone, and
conglomerate turbidites (Weber, 1989). The
Livengood terrane is interpreted as either a
continental margin deposit (Churkin and oth-
ers, 1982) or a less volcanic-rich equivalent of
the White Mountains terrane (Dover, 1990).

Minook Terrane

The Minook terrane (MNK, Fig. 1), which
has lithology similar to the Beaver Creek

stratigraphic belt of Dover (1990) (that is, the
Manley terrane), consists of upper Paleozoic
ftysch and minor chert-pebble conglomerate
(Jones and others, 1987).

Mount Schwatka Terrane

The Mount Schwatka terrane (SW, Figs. 1
and 2) is equivalent to the combined portions
of the White Mountains and Wickersham ter-
ranes of Jones and others (1987) north of the
Victoria Creek fault, and to the Schwatka
stratigraphic belt of Dover (1990). The Mount
Schwatka terrane consists of argillite and
quartz-rich sandstone, granule and pebble
conglomerate, and black limestone of Late
Proterozoic and/or early Paleozoic age that
are unconformably(?) overlain by interlay-
ered Devonian limestone and mafic volcanic
rocks (R. B. Blodgett, 1992, oral commun.).

Nixon Fork Terrane

The large Nixon Fork terrane (NF, Fig. 1)
lies southwest of the Fairbanks North profile
on strike with the Manley and Livengood ter-
ranes. The Nixon Fork terrane consists of a
late Precambrian basement of mainly pelitic
and calcareous schists that are intruded by
Early Proterozoic metagranitic rocks and
capped by Late Proterozoic felsic metavol-
canic rocks. The overlying sedimentary
cover rocks consist of Cambrian limestone
and clastic rocks, Ordovician and Devonian
carbonate platform rocks, and Permian, Tri-
assic, and Cretaceous clastic sedimentary
rocks. On the basis of its inferred northeast
plunge, Grantz and others (1991) proposed
that the Nixon Fork terrane is present at
depth under the Fairbanks North profile and
may be equivalent to the Minook terrane.

Tozitna Terrane

The Tozitna terrane (TZ, Figs. 1 and 2) was
interpreted as a dismembered ophiolite
(Churkin and others, 1982), although the
lower ultramafic-to-gabbroic part of a typical
ophiolitic sequence has not been identified.
More recent work interprets the terrane as a
tectonic assemblage of upper-crustal oceanic
rocks, particularly seamounts (Patton and
Box, 1989; Grantz and others, 1991). The
Tozitna terrane consists primarily of mafic
volcanic rocks, pillow basalts, diabase, and
gabbro assigned to the Rampart Group
(Brosgé and others, 1969). Interbedded with
or intruded by the mafic rocks are subordi-
nate chert, argillite, tuffaceous and volcan-
iclastic rocks, siltstone, sandstone, and mi-
nor limestone of Mississippian, Permian, and
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Triassic age. The mafic rocks are alkalic to
subalkalic in composition; rare cumulate ul-
tramafic layers and lenses are observed

(Cady, 1987).
Ruby Terrane

The Ruby terrane (RB, Figs. 1 and 2) is
lithologically similar to the Yukon-Tanana
terrane. It consists of Paleozoic and older
metasedimentary and Devonian metaigneous
rocks intruded by abundant mid-Cretaceous
plutons (Nokleberg and others, 1989; Patton
and others, 1989; Dover, 1990). The Ruby
terrane is overthrust by the Tozitna terrane
(Patton and others, 1989; Dover, 1990).

Faults Between Terranes

Most terrane-bounding contacts in this re-
gion are unexposed but are interpreted as
shallowly to moderately southeast-dipping
Mesozoic thrust faults (Dover, 1990). Steeply
dipping fauits, including the Victoria Creek
and Tozitna faults (Fig. 2), offset some ter-
ranes and are interpreted by some workers to
be westward extensions or splays of the
northeast-trending Tintina fault system (Do-
ver, 1990; Weber, 1990). In addition, Weber
(1989, personal commun.; 1990) postulated
that, to the east, a more southerly strand of
the Tintina fault system, the Hot Springs
strand, curves to the southwest and crosses
the Fairbanks North profile near the south-
east boundary of the Manley terrane, where
it has been buried by younger thrust plates of
the White Mountains terrane.

PROFILE DESIGN

The Fairbanks North profile extends from
Olnes to the Yukon River along the Elliott
and Dalton highways and portions of the
Trans-Alaska oil pipeline right-of-way
(Fig. 2). Approximately one-fifth of this 130-
km-long profile is in the Yukon-Tanana ter-
rane, whereas the remaining fourfifths
crosses the Wickersham, White Mountains,
Manley, Livengood, Mount Schwatka, and
Tozitna terranes to the northwest (Figs. 1 and
2). A total of nine in-line and four off-end
shots, and one fan shot (shotpoint 74), with
offsets ranging from 0 to 240 km, were re-
corded by instruments spaced at 1-km inter-
vals. This configuration provides reversed
coverage of all primary crustal and upper
mantle phases. The sound sources consisted
of explosive charges ranging from 227 to
2,724 kg detonated in 50-m-deep drill holes or
shallow (3-15 m) lakes. For additional infor-
mation on experimental design and initial
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processing, see Beaudoin and others (1989,
1992).

Of the nine in-line shots, six produced suf-
ficient energy to be recorded at all instrument
sites. Shotpoints 61 and 66 had poor coupling
and were only recorded to distances of ~10
km. Although the data from these two shots
were used to define the surface velocity
structure, they are not discussed or presented
here. Additionally, shotpoint 63 detonated
improperly and was not recorded by the array.

COMPRESSIONAL-WAVE VELOCITY
MODEL

Results from the Fairbanks North profile
reveal a crustal velocity structure that can be
subdivided into three upper-crustal and at
least two lower-crustal domains. The three
upper-crustal domains are separated by
prominent, lateral, low-velocity anomalies
(centered at model coordinates 145 and 195
km) (Fig. 3). The northern and southern do-
mains have similar velocity structures, in-
cluding regions of strong, lateral and vertical
velocity gradients and overall higher veloci-
ties than the central domain. The central
domain has no apparent strong velocity gra-
dients within it. A midcrustal reflector under-
lies the central and northern upper-crustal
domains. A correlation between the upper-
crustal low-velocity zones and the topogra-
phy and reflection character of this mid-
crustal reflector suggests that these
structures continue at least to mid-crustal
depths. The Moho reflection is prominent be-
neath the profile and shows a division in char-
acter between the north and south. The
southern portion of the Moho has a reflection
character indicative of a thick transition zone
as opposed to the northern section that has a
reflection character more in keeping with a
sharp velocity-discontinuity. This difference
of the Moho reflection character between
north and south is interpreted as evidence
that at least one of the prominent upper-
crustal faults cuts the entire crust. Below, we
present the data, modeling, and discussion
that support these interpretations.

TRAVELTIME MODELING
Modeling Approach

To model these data, a coupled inverse/
forward modeling approach was chosen
(see Beaudoin, 1992). For the upper 12 km
of crust (layer 1), where velocity is well
controlled and phase arrivals are clear, we
used a nonlinear, least squares inverse
method (Nowack and Lutter, 1988; Lutter

and others, 1990) to fit only the refracted
arrivals from shots 59 through 67. For the
middle and lower crust, where velocity is
less well constrained, where the arrivals
are often difficult to correlate, and where
user interaction and discrimination are im-
portant, we used iterative ray trace for-
ward modeling (Cerveny and others, 1977;
Luetgert, 1988, 1992) to fit both refracted
and reflected arrivals from all shots. The
upper crustal inverse model was the start-
ing model for the middle and lower crustal
forward modeling between shotpoints 59
and 67. For off-end shotpoints 54 and 57,
the velocity model from Beaudoin and oth-
ers (1992) was used (Fig. 3B). For the
northern off-end shotpoints, shotpoints
69 and 70, we extrapolated the velocity
function beneath shotpoint 67 to these
locations.

The final product of this combined tech-
nique is a model with a well-resolved, 8 km
upper-crustal section (Fig. 3A) and an av-
erage traveltime fit <50 ms. For the middle
to lower crust and upper mantle, errors in
traveltime fit of 0.1-0.2 s are considered
significant. Hence, by perturbing the for-
ward model for the middle and lower crust
to cause traveltime misfits as large as 0.1-
0.2 s, we determined the uncertainties in
the middle and lower crustal model param-
eters (Table 2).

Phase correlations present the most ambig-
uous step in refraction data interpretation
(Mooney and Prodehl, 1984). Phases were
correlated by first picking the direct/refracted
arrivals and noting significant changes in
slope along these traveltime branches. Where
changes of slope occurred, the data were ex-
amined for reflected phases associated with
these changes in velocity. The strongest re-
flections are picked first and used as tem-
plates for identifying these reflections on re-
versing shots. In order to build an internally
consistent model, only those reflections con-
vincingly identified along the profile were re-
tained for the modeling. Reflections. that
could not be tracked along the profile are con-
sidered to be local.

Upper Crust

The first prominent velocity change in the
refracted arrival is in the shot-to-receiver off-
set range of 5-20 km (Figs. 4-7 and Appen-
dix). Although this indicates a change in ve-
locity structure, no clear reflection is
associated with this change in slope. There-
fore, we elected to combine all refractions
(Pg) from shot-to-receiver offsets of 0 to
40-70 km (see below) into a single “‘layer,”
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Figure 3. Compressional-wave velocity model for crust beneath the Fairbanks Nerth profile. (A) Contoured model (inverse model) of the upper
12 km of crust. (B) Contoured model for the crust (coupled inverse and forward model, see text). Contours are the solid and dotted curved lines.
Interfaces are straight line segments, solid where controlled by reflections and dotted where inferred or controlled by the model of Beaudoin and
others (1992). Regions of color represent ray coverage from both this study and Beaudoin and others (1992).
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TABLE 2. MODEL UNCERTAINTIES

layer 1. Pg is variable in amplitude along the

profile, reflecting both changes in the subsur-
face velocity field and the near-surface geol-

Interface and Interface depth Layer velocity
layer uncertainty (km) uncertainty (kmys)
2 +0.5 +0.1
3 =10 +0.2
4 +1.5 =0.2
5 *2.5 =0.2

ogy. Pg also has trace-to-trace time shifts of
up to 200 ms due to velocity variations in the
near surface. Two lateral velocity anomalies,
which divide the upper crust into three do-

mains, are indicated by asymmetric travel-

Shotpoint 59

And,
W

time branches of Pg for shotpoints 62 and 65
(Fig. 5).

Middle and Lower Crust
Demarcating the onset of mid-crustal ar-

rivals are a clear reflection (PcP; interface 2)
on shotpoints 65 and 67 (Figs. 6A and 7A), a
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weak reflection on shotpoints 59, 62, and 64,
and a poorly defined reflection on shotpoint
60 (Fig. 4A and Appendix). Based on the off-
set location of the PcP reflection, a refracted
arrival from interface 2 should become the
first arrival at a distance of 40-50 km on the
northern end of the profile and at 60-70 km
on the southern end of the profile. Subse-
quent modeling, however, indicates that the
geometry of the PcP reflector and the velocity

Geological Society of America Bulletin, August 1994

variation above and below interface 2 are
such that Pg and the refracted phase from in-
terface 2 are indistinguishable in traveltime.
The variation in offset location of the PcP re-
flection from south to north does indicate a
shallowing of the PcP reflector northward
(Fig. 3A).

The geometry of the PcP reflector, inter-
face 2, is well constrained on the northern
end of the profile and less well constrained on

the southern end of the profile. Along the
northern end of the profile, PcP is well de-
fined both pre- and postcritically on shot-
points 65 and 67 (Figs. 6 and 7). Along the
southern end of the profile, at shotpoints 59—
64, PcP is difficult to correlate and is identi-
fied only for short distances (Fig. 4A and Ap-
pendix). Therefore, from model coordinates
135 to 185 km, this interface is less well de-
fined in depth, and the velocity structure for
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the interval directly above it is not well con-
trolled. In contrast, between model coordi-
nates 185 and 220 km, the interface depth and
shape and the velocity directly above it are
well constrained. The 6.5° + 2.5° southward
apparent dip northwest of shotpoint 65 is re-
quired to fit the variable traveltimes for this
phase between shotpoints 65 and 67 (Figs. 6

990

and 7). Based on our forward modeling, ve-
locities for layer 2 range from 6.0-6.1 km/s at
its top to 6.2-6.25 kmy/s at its base. Although
these velocities are not well constrained, ve-
locities at the top of this layer cannot exceed
6.3 km/s without producing a prominent, cal-
culated first arrival well ahead of the ob-
served first arrival.

The next phase interpreted is PtP, a weak
reflection from the lower crust. This reflec-
tion is best seen on shotpoint 67 (Fig. 6A),
where it is associated with an increase in
reflection amplitudes in the offset range of
70-110 km between ~1.5 and 2.5 s. The re-
versing shot, shotpoint 59, exhibits a less-
well-defined PtP reflection (Fig. 4A). In ad-
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dition to these two shots, this phase is
identified on in-line shots 60 and 65 (Appen-
dix) and off-end shot 57 (Fig. 8A). The
strength and coherence of this phase is vari-
able across the profile, and no systematic pat-
tern is evident.

The PtP reflector, interface 3, is best con-
strained in depth by shotpoints 57 (Fig. 8) and
67 (Fig. 6). A reflection from this interface is
not apparent from shotpoint 69, and therefore
interface 3 is modeled to have a northern ter-
mination at approximately model coordinate
195 km. We have terminated the southern ex-
tent of this interface at about model coordi-
nate 80 km (beneath shotpoints 54 and 57;
Beaudoin and others [1992] do not model an
interface at this depth). From model coordi-
nates 125 to 155 km, this interface has no ob-
served reflection. Velocities within layer 3
are based on the wide-angle reflection from
interface 4, PiP, that should asymptotically
approach the maximum velocity of layer 3 at
the farthest offsets. These velocities are mod-
eled as 6.25 kmy/s at the top to 6.3-6.4 km/s at
the base; velocities =6.6 kmy/s at the base of
this layer produce discernible traveltime mis-
fits for the PiP reflection.

The next interpretable phases, Pi and PiP,
are refractions and reflections, respectively,
from the lower crust and are largely con-
strained by the off-end shots. Beaudoin and
others (1992) modeled a basal crustal layer
beneath shotpoints 54 and 57 based on a re-
fraction/wide-angle reflection profile col-
lected between Fairbanks and Delta Junc-
tion. A similar basal crustal reflection (PiP) is
identified on shots 57 and 69 (Fig. 8 and Ap-
pendix). Although these two shots originate
in different geologic settings, an overall
match in the first-break traveltime curves and
postcritical PiP (shotpoint 57) and PmP (shot-
point 69) traveltime curves indicates similar
average crustal velocities. Pi is identifiable
only on shotpoint 57 (Fig. 8B). Shotpoint 69
should have recorded Pi, but either the signal-
to-noise ratio is too small, or Piis not present.
In-line shotpoints 59, 60, and 67 have suffi-
cient offsets to record the PiP reflection.
There is no evidence, however, of PiP on
shotpoints 60 and 67, and strong but discon-
tinuous energy on shotpoint 59 does not lend
itself to modeling.

The absence of the PiP reflection on the
in-line shot profiles suggests either that the
PiP reflector (interface 4) is not continuous
beneath the profile (the layer pinches out) or
that a poor signal-to-noise ratio prevents us
from identifying this reflection. Although the
data are not sufficient to determine the con-
tinuity of layer 4 definitively, we chose to
model the layer pinching out. This decision is
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influenced by the systematic change in PmP
character across the profile. In the region of
our model where layer 4 is nonexistent, PmP
is a strong, largely unicyclic phase; where
layer 4 exists, PmP is poorly defined and dif-
ficult to correlate (Fig. 9). In addition to this
observation, Pi and PiP traveltimes from
shotpoint 57 require that layer 4 extend be-
neath the instrument array to approximately
mode! coordinate 175 km. From the north,
shotpoint 69 has two distinct lower-crustal ar-

 rivals, identified as PiP and PmP. PiP shows

an abrupt truncation at an offset of 100 km
from the shotpoint (Appendix). We at-
tempted to model this with one-dimensional
synthetic seismograms by lower-crustal de-
structive interference of the wavefield at far
offsets. We could not, however, match the
observed amplitudes for this shot. Based on
these tests, we favor a model where layer 4
pinches. Velocities within this layer are 6.9-
7.2 km/s and are constrained by modeling
PmP traveltimes from shotpoint 57 (Fig. 8).
This result also agrees with the velocities de-
termined by Beaudoin and others (1992).

The Moho reflection (PmP) is well repre-
sented at distances =60 km from all shot-
points and also shows a variable character
from the in-line shotpoints, exhibiting a sys-
tematic change from north to south (Fig. 9).
Receivers recording PmP reflections bottom-
ing north of approximately model coordinate
175 km are strong, coherent, and often mul-
ticyclic. PmP reflections bottoming south of
model coordinate 175 km are discontinuous
and less coherent. Although some ambigu-
ities arise in modeling the geometry of the
Moho (interface 5) due to the discontinuous
nature of the PmP reflection along the south-
emn end of the profile, continuous segments
(5-10 km in length) exist where the travel-
times are so well defined as to give confi-
dence that we have modeled the Moho cor-
rectly. The modeled Moho depth averages 32
km beneath the profile. Minor topography on
this interface is within modeling errors. We
model, however, a shallowing of the Moho to
31 km depth along model coordinates 175-
220 km and a deepening of the Moho to as
much as 34 km north of shotpoint 67.

The upper-mantle refraction (Pn}) is weak
and emergent on shotpoints 54 and 57 (Ap-
pendix and Fig. 8B) and not easily identified
on shotpoints 69 and 70 (Appendix). Beau-
doin and others (1992) describe a similar Pn
character from mantle beneath shotpoints 54
and 57 and attribute it to a weak velocity gra-
dient in the uppermost mantle; we believe a
similar interpretation explains the Pn charac-
ter for shotpoints 54 and 57. This difference in
Pn from south to north may, in part, be due

to poor shot coupling; both shotpoints 69 and
70 have a lower signal-to-noise ratio than
shotpoints 54 and 57.

The upper-mantle velocity structure is best
defined by the southern off-end shotpoints,
shotpoints 54 and 57 {Appendix and Fig. 8)
and earlier work (Beaudoin and others, 1992).
The Pn velocity beneath shotpoints 54 and 57
is 8.2 km/s based on this earlier work. By
holding this velocity fixed, the data require a
decrease in Pn velocity to 7.9 km/s under the
profile to satisfy the observed traveltimes for
shotpoints 54 and 57; this result is in accor-
dance with Pn traveltimes from shotpoints 69
and 70 (Appendix), albeit poorly controlled
due to poor signal-to-noise ratios for these
shotpoints. Significant traveltime errors oc-
cur if a constant 8.2 km/s is used for the upper
mantle velocity beneath the profile.

DISCUSSION AND INTERPRETATION
Velocity Structure Implications

The two strong, lateral low-velocity anom-
alies centered at 145 km (southern) and 195
km (northern) divide the upper crust into
three domains (Figs. 3A and 10). The south-
ern and northern domains have higher veloc-
ities and stronger velocity gradients than the
central domain. Beneath this tripartite upper
crust, the middle to lower crust exhibits at
least two domains based on the character of
the Moho reflection and the presence or ab-
sence of a basal crustal layer (layer 4). Below,
we discuss these upper- and lower-crustal do-
mains in light of the geology of the region be-
tween the Yukon-Tanana and Ruby terranes.

Upper-Crustal Faults and Terranes. The
upper-crustal, lateral, low-velocity anomalies
contain or are adjacent to the Beaver Creek
and Victoria Creek faults, fauits that may rep-
resent strands of the Tintina strike-slip fault
(Fig. 10). The southern velocity anomaly de-
fines a vertical (90° = 10°) structure, based on
velocity minima, that projects to the surface
at the Beaver Creek fault, suggesting that the
Beaver Creek fault may be near-vertical. Al-
ternatively, the Beaver Creek fault may be a
thrust fault that has buried an older continu-
ation of the Hot Springs fault (F. R. Weber,
1989, written commun.; Weber, 1990; Weber
and others, 1992). The northern anomaly is
defined by two lobes: a main lobe centered at
model coordinate 195 km at 2-10 km depth,
and a near-surface lobe centered at model co-
ordinate 187 km at <2 km depth (Figs. 3A
and 10). The shallow lobe corresponds to the
mapped trace of the Victoria Creek fault and
is offset by 8-10 km southeast of the main
lobe. Two interpretations of crustal structure
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are possible and dependent on how these
lobes are related: (1) If the shallow and main
lobes define the same feature, the data sug-
gest that the Victoria Creek fault has an ap-
parent northwestward dip of ~45° beneath
our profile. (2) If the shallow and main lobes
do not define the same feature, the Victoria
Creek fault is the near-vertical southern
boundary of an upper-crustal, low-velocity
body (main lobe). We favor the first interpre-
tation, a northward dipping Victoria Creek
fault, because foliation in schistose rocks
along the north side of the Victoria Creek
fault northeast of our study area dip steeply
to the north (Weber and others, 1992; T. E.
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Moore, unpub. data) and because Jones and
others (1986), who conducted structural stud-
ies along the Victoria Creek fault west of our
profile, concluded the fault dips northward.
An alternate explanation for the main lobe of
low velocity, the second interpretation, is
suggested by a corresponding discontinuity
in the aeromagnetic data that separates
mainly sedimentary, nonmagnetic units of
the Rampart group to the south from mainly
igneous, magnetic units of the Rampart group
to the north (Cady, 1991). This would require
that the main lobe be a steeply dipping body
of low-velocity sedimentary rocks. The thick-
ness of the main lobe (8 km), however, is con-

trary to the thickness of these sedimentary
rocks, which are thought to be relatively thin
(for example, Weber, 1992).

The southernmost domain’s principal up-
per-crustal feature is a region of high velocity
at model coordinate 130-135 km. This region
underlies the Wickersham and White Moun-
tains terranes, which are characterized by
southeast-dipping strata that have been my-
lonitized along a northwest-dipping contact
between the Wickersham and Yukon-Tanana
terranes. The velocity high is consistent with
the presence of higher-grade rocks to the
southeast in the Yukon-Tanana terrane and
northwest-dipping mylonitic metamorphic

Geological Society of America Bulletin, August 1994
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rocks along the contact. Tertiary granitic
rocks intrude these terranes locally and may
offer an alternate explanation for this region
of higher velocity.

The central domain exhibits lower average
velocities and weaker velocity gradients than
the northern and southern domains. This re-
gion underlies the Manley, Livengood, and
Mount Schwatka terranes. The nature of the
southern boundary of the Manley terrane has
been debated by several workers and is cru-
cial to the various tectonic models proposed
for the region. Geometries for the Manley ter-
rane include: (1) a shallow, basin-like struc-
ture truncated to the south by a high-angle
fault (Weber, 1990); (2) a shallow basin over-
thrust from the south by the Yukon-Tanana
terrane and thrust over the Livengood ter-
rane to the north (Dover, 1990; Grantz and
others, 1991); and (3) a deep basin overthrust
from both the north and south by the Yukon-
Tanana and Livengood/Ruby terranes, re-
spectively (Coney and Jones, 1985; Jones and
others, 1986). Whether the Manley terrane
(including KJs, Fig. 10} extends southward
beneath the mapped trace of the Beaver
Creek fault, which would indicate a south-
ward dip for the fault, is addressed by these
refraction data. The velocity model suggests
that the Beaver Creek fault either is a near-
vertical fault or overlies a buried vertical fault
(as suggested by Weber, 1989, personal com-
mun.; 1990), and that this contact bounds the
lower-velocity rocks of the Manley terrane.

Geological Society of America Bulletin, August 1994
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Figure 8. (Continued).

Along the profile, the northwestern boundary
of the Mount Schwatka terrane is the Victoria
Creek fault. Our data suggest that the Victo-
ria Creek fault has an apparent northward dip
(see above). The above observations imply
that the Manley, Livengood, and Mount
Schwatka terranes are bounded south by a
vertical fault and north by a northward-dip-
ping fault. The boundary between the Man-
ley and Livengood terranes corresponds to a
clear velocity anomaly (165-175 km) that is
confined to the upper ~3-4 km of crust.
However, the data do not have the resolution
necessary to constrain the dip of this
boundary.

The northernmost domain, north of the
Victoria Creek fault, is less well constrained
by our data. This domain exhibits strong lat-
eral and vertical velocity gradients that might
be expected from the Tozitna terrane com-
posed of sedimentary rocks with voluminous
mafic units. The base of the Tozitna terrane is
interpreted to correspond with the strong PcP
reflector, interface 2, at 8-10 km depth (see
below). The Tozitna fault, interpreted along a
prominent topographic lineament within the
Tozitna terrane, corresponds to a slight ve-
locity high at approximately model coordi-
nate 220-225 km. Our profile, however, does
not have the necessary shot and receiver cov-
erage to elaborate on the geometry of the
Tozitna fault.

Undercutting the central, northern, and
part of the southern upper-crustal domains is

the PcP reflector, interface 2. The difficulty
we had modeling a significant change in ve-
locity across interface 2 suggests that this re-
flector is a reflective zone within a more uni-
form velocity field. Beneath the northern
domain, two possible explanations for this
reflector are a mafic sill or the fault contact
between the Tozitna and Ruby terranes.
Mafic sills are observed in outcrop in the ig-
neous section of the Rampart group (Cady,
1987) north of our profile. If interface 2 is a
mafic sill, our data indicate that this feature
extends beneath the Victoria Creek fault and
the Manley/Livengood/Mount Schwatka ter-
ranes; however, the northern low-velocity
anomaly inour model and the associated aero-
magnetic discontinuity (Cady, 1991) would
suggest that the igneous section of the Ram-
part group does not extend this far south. Our
preferred interpretation for interface 2 is the
fault contact between the Tozitna and Ruby
terranes. Fountain and others (1984) have
demonstrated that mylonitic shear zones can
produce significant reflections from within an
otherwise homogeneous region. Several au-
thors have suggested that the Tozitna terrane
was thrust over the Ruby terrane during a
phase of continent-ocean collision (Moore
and Murphy, 1989; Patton and others, 1989;
Dover, 1990; Grantz and others, 1991). Thus,
our data tentatively suggest that the basal
contact of the Tozitna terrane lies at ~8-10
km depth beneath the profile and dips gently
southeastward (Fig. 7B).
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Figure 10. The inverse velocity model with a geologic cross-section overlay and a map view of the terranes (top) and geologic units (middle) crossed
by the Fairbanks North profile. Strong correlations between observed geologic structural trends and the compressional-wave velocity structure are
evident. The shotpoints are denoted by the numbered symbols. Geologic symbols are as follows: p€f, Fairbanks schist unit; p€g, Wickersham
unit, basal grit subunit; €p€ga, Wickersham unit, maroon and green slate subunit; €p-€um, mafic and ultramafic complex; Pzc, Chatanika unit;
Olc, Livengood Dome Chert; Dst, Tolovana Limestone; Dc, Cascaden Ridge unit; Pzgs, Globe unit; TRPv, Rampart group; KJs, Wilbur Creek
unit. See caption of Figure 1 for terrane abbreviations and Figure 2 for geologic units.

Geological Society of America Bulletin, August 1994 995



The apparent continuity of the PcP reflec-
tor from north to south beneath the profile
(Fig. 3) may or may not be real. Small offsets
(=1 km) along this interface cannot be re-
solved by our data, but the data do indicate
=1 km relief on this interface (Fig. 3A). Sev-
eral interpretations are possible: (1) interface
2 represents a single thrust fault along which
the terranes caught between the Yukon-
Tanana and Ruby terranes (WS, WHM, LG,
MAN, MNK, SW, TZ) were emplaced; (2)
interface 2 represents a mid-crustal detach-
ment associated with transformation of the
Tintina fault dextral motion to compression
in this region; or (3) interface 2 represents two
or three separate thrust faults brought to-
gether (at ~10 km depth) by lateral offsets
along the Tintina fault system. The rocks
above this interface have velocities expected
for the mafic volcanic and volcaniclastic
rocks of the Tozitna terrane. Beneath this in-
terface the velocity structure is fairly homo-
geneous and has modeled velocities in keep-
ing with laboratory-measured velocities for
the central portion of the Yukon-Tanana ter-
rane (Beaudoin and others, 1992); the Yukon-
Tanana and Ruby terranes are lithologically
similar and should exhibit similar velocities.

Middle to Lower Crust. Several lines of ev-
idence suggest that the middle to lower crust
beneath the profile consists of at least two
crustal domains. This evidence includes the
strong lateral low-velocity anomalies in the
upper crust and the laterally variable charac-
ter of PtP, PiP, and PmP. We have inter-
preted the two steeply dipping, upper-crustal,
low-velocity anomalies as faults. The fault as-
sociated with the northern low-velocity
anomaly is interpreted to penetrate the mid-
dle and lower crust. In contrast, the fault as-
sociated with the southern upper-crustal,
low-velocity anomaly can either be confined
to the upper crust or extend into the middle
and lower crust. These further interpretations
are based on the observation that, for faults
defined by velocity structure, a shallow fault
will produce a downward tapering of the ve-
locity field contours with depth (the V-like
structure at ~145 km in Fig. 3), and a deep-
penetrating fault will produce a broadening of
the velocity field contours with depth (the
broad region around model coordinate 195
km in Fig. 3) (W. J. Lutter, unpub. data). An
alternate interpretation for the fault associ-
ated with the southern low-velocity anomaly
is that it juxtaposes similar velocities at
depths >10 km and is, therefore, not imaged.
In addition to being expressed in the velocity
field, the northern low-velocity anomaly
overlies a break in slope of interface 2
(Fig. 3A), suggesting that its associated fault
continues to mid-crustal depths. The lack of
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strong lateral velocity variations beneath in-
terface 2 is due, in part, to the resolution of
this study. Support for the continuation of at
least one of these interpreted upper-crustal
faults into the middle crust is provided by
lower crustal reflections.

Although the middle to lower crust be-
comes largely homogeneous in velocity, var-
iability in reflection character for arrivals PtP,
PiP, and PmP suggest differences in middle
and lower crust from south to north. Inter-
face 3 (PtP) marks the top of a zone of in-
creased lower-crustal reflectivity, observed
along the profile, which is most evident from
the southern off-end shotpoints. The PtP re-
flector, interface 3, is modeled in two seg-
ments, between model coordinates 85 and
125 km and between model coordinates 155
and 195 km (Fig. 3). This reflection suggests
at least two divisions of the middle crust. In-
terface 4 and layer 4 (PiP and Pi) are present
south of model coordinate 175 km, absent be-
tween model coordinates 175 and 220 km,
and present north of model coordinate 220
km. The presence of layer 4 is directly cor-
related with the variable reflection character
of PmP, from discontinuous and scattered
from regions where layer 4 is present to sharp
and continuous from regions where layer 4 is
absent. These two phases, PiP and PmP, sug-
gest that the lower crust beneath the profile
may be divided into three domains.

Our observations suggest that at least two
middle- to lower-crustal domains abut at
depth and that the Moho has only minor to-
pography between them. The lack of signifi-
cant Moho topography does not preclude dis-
tinct domains of lower crust, because the
Moho may be younger than the tectonic
structures separating these domains. Re-
equilibration of the Moho during thermal
events (for example, Meissner and others,
1987) could account for a young Moho, and
the widespread presence of Tertiary plutons
provide evidence for a young thermal event.
The broken appearance of PmP for the south-
ern shotpoints can be produced in at least
two ways: (1) incoherent reflections from
short-wavelength topography on the Moho
(Mereu, 1990) or (2) destructive interference
of the wavefield within the basal crustal layer
(Beaudoin and others, 1992). Layering in the
basal crustal layer sufficient to produce de-
structive interference of the wavefield could
be produced by igneous, metamorphic, or
ductile processes.

Strands of the Tintina Fault
The Tintina fault has been interpreted to

either continue southwestward through our
study area (Dover, 1990; Weber, 1990) or ter-

minate in the region between the Ruby and
Yukon-Tanana terranes (Churkin and others,
1982; Coney and Jones, 1985). Workers who
argue for a southwestward continuation of
the Tintina fault through our study area pro-
pose two basic groups of models: models that
rely largely on strike-slip, orogen-parallel ter-
rane displacements, and models that rely
largely on closure of an ancient oceanic basin
as well as strike slip.

F. R. Weber (1989 and 1990 written com-
mun.) postulates that three major splays of
the Tintina fault divide this region into three
blocks: (1) A southern block (Northern
Yukon-Tanana, Wickersham, and White
Mountains terranes) is bounded on the north-
west by the Hot Springs strand, which lies at
depth in the footwall beneath the Beaver
Creck thrust. (2) A central block (Manley,
Livengood, and Mount Schwatka terranes)
lies between the Hot Springs strand and the
Victoria Creek strand. (3) A Northern block
(Tozitna terrane) occurs between the Victo-
ria Creek and the Tozitna strand. Weber sug-
gests that the cessation of movement along
strands of the Tintina fault becomes younger
to the northwest. The present-day configura-
tion of these Tintina splays was shaped by the
opening of the Arctic basin and the resultant
counterclockwise rotation of western Alas-
ka; with this rotation, younger splays of the
Tintina fault became unfavorably oriented for
continued dextral slip and, hence, new splays
formed progressively northward. According
to this interpretation, the terranes in this re-
gion were transported to their current loca-
tions along the Tintina fault system from orig-
inal positions in the Canadian Cordillera by
Cretaceous and earlier(?) right-slip transform
displacement. Following emplacement by
strike slip and rotation, this region underwent
shortening and thrust faulting in response to
continued dextral movement along the Tin-
tina fault.

Dover (1990) interprets this region as a
continental fold-and-thrust belt rather than a
zone of terrane collision and suturing because
of the absence of tectonic mélange, relict ac-
cretionary prism, or other evidence of sutur-
ing. Instead he proposes that a system of
thrust-bound sequences characterize this re-
gion. These sequences were derived from the
North American continent and later dis-
persed by right-slip faulting across east-cen-
tral Alaska from original positions in the Ca-
nadian Cordillera. In the study area, Dover
shows two strands of the Tintina fault, the
Tozitna and the Victoria Creek faults. The
Victoria Creek fault connects the Kaltag fault
with the Tintina fault and in this interpreta-
tion, no southern splay of the Tintina fault
exists. Thus, Dover (1990) suggests that con-
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tractional deformation preceded translation,
whereas Weber (1990) suggests that contrac-
tional deformation accompanied and fol-
lowed translational displacement.

Unlike the right-slip models of Weber
(1990) and Dover (1990), Churkin and others
(1982), Coney and Jones (1985), and Jones
and others (1986) suggested that this region
formed by the accretion of exotic terranes
during the closure of an ancient oceanic ba-
sin. In these interpretations, the Yukon-
Tanana terrane accreted south of most of the
smaller terranes and was transported along
-the dextral Tintina fault, later colliding with
the small terranes to the porth along north-
west-vergent faults (Churkin and others,

1982; Coney and Jones, 1985). These inter- -

pretations differ from those of Weber (1990)
and Dover (1990) on several points, most no-
tably whether the Tintina fault is a continuous
feature through this region (Dover, 1990; We-
ber, 1990) that possibly connects with the
Kaltag fault (Dover, 1990) or whether the
Tintina fault terminates in this region of com-
pressional structures (Churkin and others,
1982; Coney and Jones, 1985).

Our seismic data imply that at least one of
the two interpreted, steeply dipping faults cut
the entire crust, suggesting that an intracon-
tinental transform fault does pass through our
study area. Because its seismic expression is
limited to the upper crust, we cannot deter-
mine whether the southern vertical low-ve-
locity anomaly (~145 km) penetrates to the
base of the crust. Our data only suggest that
this discontinuity is a shallow fault, perhaps
even a conjugate strike-slip fault to the Denali
and Tintina fault system as observed to the
south (Page and others, 1989). The data, how-
ever, also allow this discontinuity to be a
more deeply penetrating structure with no as-
sociated wvelocity expression. The seismic
data suggest that the northern low-velocity
anomaly (~195 km), which we interpret as
the expression of the Victoria Creek fault, ex-
tends deeper than 10 km (sec above). Based

on the geometry of layer 4 (Fig. 3) and the

variable nature of the Moho reflection
(Fig. 9), this discontinuity may extend to the
base of the crust. Although the shallow-dip-
ping reflector (interface 2) associated with
PcP crosses the interpreted Victoria Creek
fault, a well-constrained break in geometry
occurs at this point (~195 km), supporting
the continuation of the Victoria Creek fault
into the middle and lower crust. If the south-
ern (=195 km) and northern (=195 km) seg-
ments of interface 2, on either side of the Vic-
toria Creek fault, share a common origin,
little apparent vertical movement has oc-
curred across the Victoria Creek fault.

The seismic data alone cannot determine
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whether the interpreted crustal cutting fault,
the Victoria Creek, defines the Tintina fault
zone. To facilitate our interpretation, we
combine our seismic data with existing geo-
logic interpretations. The interpretations by
Dover (1990) and Weber (1990) show the Vic-
toria Creek fault as a strand of the Tintina
fault system. Price and Carmichael (1986) in-
terpreted the Tintina fault as an intraconti-
nental transform fault, indicating that it

SE

Beaver Creek

should cut the entire crust, consistent with
interpretations that the Victoria Creek fault
cuts the entire crust and represents a strand
of the Tintina fault. Structural similarities be-
tween our velocity model and the Tintina
fault zone (Roddick, 1967; Foster, 1983), and
the model proposed by Weber (1990) support
an interpretation whereby at least one strand
of the Tintina fault cuts through our study
area. We therefore interpret our model as in-
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Figure 11. Two interpretive cross sections of the Fairbanks North velocity model. (A) The lower
crust is divided into two domains: a southern domain consisting of the Yukon-Tanana terrane,
and a northern domain consisting of the Ruby terrane. (B) The lower crust is divided into three
domains: a southern domain consisting of the Yukon-Tanana terrane, a central domain consist-
ing of the Nixon Fork terrane(?), and a northern domain consisting of the Ruby terrane. See

caption of Figure 1 for terrane abbreviations.
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dicating that the Victoria Creek fault repre-
sents a northwestward extension of the Tin-
tina fault. Furthermore, our seismic data
reveal a near-vertical fault, either the Beaver
Creek or a buried fault, which supports the
existence of a southern strand of the Tintina
fault beneath our profile (Weber, 1990; We-
ber and others, 1992).

Interpretation of the Middle and Lower
Crust

Our data suggest a fundamental difference
between the middle to lower crust in the
southern and northern parts of the profile.
The reflection character from shotpoint 57 is
similar to that presented by Beaudoin and
others (1992). The velocity structure (includ-
ing layer 4) associated with this reflection
character does not extend north of approxi-
mately model coordinate 175 without disrup-
tion. This observation, coupled with obser-
vations that indicate the presence of at least
two lower-crustal domains beneath the pro-
file, suggest that the northern limit of the
Yukon-Tanana terrane lies beneath the Fair-
banks North profile. A plausible location for
the northern boundary of the Yukon-Tanana
terrane is at the strong, vertical, low-velocity
anomaly in the upper crust at model coordi-
nate 145 km and at greater depth along a
northwest-dipping boundary connecting to
the change in reflection character of the
Moho and the pinch-out of layer 4 at model
coordinate 175 km (Fig. 11A). A correlative
interpretation is that the Yukon-Tanana and
Ruby terranes underlic the seismic profile
and join along this boundary. The lack of ve-
locity contrast to suggest such a contact at
depth is not surprising, because the Yukon-
Tanana and the Ruby terranes have similar
lithologic composition (Dover, 1990).

An alternate interpretation emphasizes the
division of the lower crust into three domains
(Fig. 11B). The southern domain encom-
passes the Yukon-Tanana terrane lower crust
and is bounded on the northwest by the pro-
jection of the upper-crustal, vertical, low-ve-
locity anomaly at ~145 km into the lower
crust. This southern domain has a lower crust
characterized by a basal crustal layer (layer 4)
and a PmP reflection that is not well defined.
The central domain lies between the southern
domain and the Victoria Creek fault, lacks
a basal crustal layer, but has a strong PmP
reflection. The northernmost domain seis-
mically resembles the southern domain. This
interpretation allows the lower crust be-
neath the Manley, Livengood, and Mount
Schwatka terranes to be entirely different
from that to the north and south. Grantz and
others (1991) have postulated that these ter-
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ranes are underlain by the large Nixon Fork
terrane, which may plunge eastward from its
area of exposure to the west (Fig. 1). The
Nixon Fork terrane consists of metamorphic
rocks generally similar in composition to
those of the Yukon-Tanana and Ruby ter-
ranes. The similarity in composition would
suggest similar velocities and be consistent
with the velocity model. In this interpreta-
tion, the two steeply dipping, upper-crustal
faults continue to at least the base of the
crust, linking the upper and lower crustal do-
mains. The appeal of this interpretation is that
the existence of layer 4 is directly correlated
with different lower crustal units; a two-do-
main lower crust requires a 50-km-wide tran-
sition zone from the Yukon-Tanana terrane
to Ruby terrane to account for the absence of
layer 4 and the strong Moho reflection.

TECTONIC INTERPRETATION AND
CONCLUSIONS

The TACT Fairbanks North profile pro-
vides new data that helps resolve some of the
controversies and unanswered questions on
the region between the Yukon-Tanana and
Ruby terranes. Our data reveal a crustal ve-
locity structure that is divided into three up-
per-crustal and at least two middle- to lower-
crustal domains. The identification of these
domains allows us to establish terrane geom-
etries, speculate on the nature and locality of
the Tintina fault zone, and finally, infer a tec-
tonic history.

The upper-crustal domains correlate well
with mapped surface geology. Within the
southern domain, the Wickersham and White
Mountains. terranes are expressed by high-
velocity, finger-like features in accordance
with the exhumation of higher velocity rocks
from the southeast. In the central domain,
lower average velocities and the lack of
strong vertical and lateral velocity gradients
indicate a more homogeneous region. We in-
terpret the corresponding. Manley, Liven-
good, and Mount Schwatka terranes to be
bound south by a near-vertical fault and north
by a northward-dipping fault. The northern
domain has a strong upper-crustal reflection
that is interpreted as the shear interface be-
tween the Tozitna and Ruby terranes. The
continuation of this interface beneath the
central domain suggests that it may represent
the detachment or basal thrust for thin-
skinned tectonic amalgamation of the ter-
ranes caught between the Yukon-Tanana and
Ruby terranes. The lower crust and Moho
reflection exhibit differences from north to
south that define at least two lower-crustal
domains, interpreted as the Yukon-Tanana
and Ruby terranes. However, whether a

third, central domain at middle- to lower-
crustal depths is distinct from the northern
domain cannot be definitively established by
these data. Finally, the crustal thickness be-
tween the northern and southern domains has
only minor differences and is mapped at
31-34 km in depth.

Although surface geology exhibits com-
pressional structures often associated with
thrust faulting, the steep faults and lower
crust are suggestive of a later period of strike-
slip tectonics. We interpret these observa-
tions to indicate that after initial thin-skinned
amalgamation of the various terranes, this re-
gion experienced thick-skinned tectonic re-
organization via strike-slip faulting. This in-
terpretation supports models that require at
least one strand of the Tintina fault to exist in
this important region of Alaska.
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APPENDIX 1.

This appendix contains trace normalized record
sections (Figs. A1A-ATF) for shotpoints not dis-
cussed in detail within the text. Overlain on the
record sections are calculated traveltimes derived
from the final Fairbanks North velocity model. Re-
fractions are represented by the closely spaced dot-
ted lines, sub-critical reflections by the widely .
spaced dotted lines, and supercritical reflections by
the dashed lines. Critical points are denoted by the
solid circles. All record sections have been band-
pass filtered from 1 to 12.5 Hz.
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